Background An increasing number of rectal carcinoma resections in Germany and worldwide are performed laparoscopically. The recently published COLOR II trial demonstrated the oncologic safety of this surgical approach. It remains unclear whether these findings can be transferred to clinical practice. Patients and methods This population-based retrospective cohort study aimed to evaluate 5-year overall, relative, diseasefree, and local recurrence-free survival of rectal cancer patients treated by open surgery and laparoscopy. Data from a southern German region of 1.1 million inhabitants were collected by an official clinical cancer registry. All primary nonmetastatic rectal adenocarcinoma cases with surgery between 2004 and 2013 were eligible for inclusion. To compare survival rates, Kaplan-Meier analyses, relative survival models, and multivariate Cox regression were applied; a sensitivity analysis assessed bias by exclusion. Results Finally, 1507 patients with a median follow-up time of 7.1 years were included. Of these patients, 28.4% underwent laparoscopic procedures, with an increasing rate over time. Patients with tumors of the upper or middle rectum, younger patients, and patients of specialized colorectal cancer centers were more likely to undergo laparoscopy. After 5 years, 80.4% of laparoscopy patients were still alive, compared to 68.6% in the open group (p < 0.001). Moreover, laparoscopy was associated with superior local recurrence-free survival rates. This advantage was also significant in multivariate analysis (HR 0.70, 95% CI 0.52-0.92). Conclusion Laparoscopic rectal cancer surgery can be considered safe in daily clinical practice. This should be confirmed by future studies outside the setting of randomized trials.
, which ensure a patient's adequate treatment regardless of their social or economic status. From a scientific point of view, these are ideal conditions to objectively examine oncologic outcomes after tumor resection in daily clinical practice. As one of the biggest national cancer registries, the independent University of Regensburg Institute for Quality Control and Health Services Research [6] collects detailed information on all cancer patients within a cohesive population of 1.1 million people [7] and thus ensures representative results.
Patients and methods
The aim of this retrospective cohort study was to compare overall, relative, disease-free, and local recurrence-free survival rates after laparoscopic and open rectal carcinoma surgery. According to the National Cancer Institute, diseasefree survival was defined as time from surgery to the presence of locoregional recurrence, distant metastases, or death from any cause as the event of interest [8] . All analyses are based on data gathered from an official German cancer registry (Tumor Center Regensburg/University of Regensburg Institute for Quality Control and Health Services Research [6] ). Trained documentation officers systematically collect medical records of all patients registered within a large political district comprising 1.1 million inhabitants who have been diagnosed with a malignant tumor. Before they can do so, all patients have to provide their consent in written form. Information on life status is regularly updated by official authorities or death certificates issued by the public health service. For the purpose of this study, all patients with major elective resections (German Procedure Classification, OPS, 5-484, 5-485, and 5-456 [9] ) of histologically confirmed primary, non-metastatic rectal adenocarcinoma between January 1, 2004 and December 31, 2013 were eligible for inclusion in the analysis. Details on each patient include demographics, oncologic comorbidities, tumor characteristics, surgical procedure, and pre-and postoperative chemoradiotherapy ( Table 1) . The latter two variables were not classified in the usual way as "yes" or "no", but rather adapted to the requirements of the recent German colorectal cancer treatment guideline [5] . This accounts for the fact that, for example, it is perfectly appropriate for a TNM stage I patient not to receive neoadjuvant radiotherapy, while the situation of a stage III patient can be improved considerably by administering such an additional treatment. The variables "preoperative therapy" and "postoperative therapy" as used in this study, featuring values like "no therapy according to guidelines" or "no therapy in contradiction to guidelines" (Table 1) , form homogenous groups with regard to the expectable impact on patients' health. Therefore, these variables can be adjusted for in a multivariate model, as described below, without the need to stratify by indication group.
All analyses were conducted on an intention-to-treat basis, which means that conversions remain part of the laparoscopic group. The median follow-up time was 7.1 years. In order to compare survival rates in patients with laparoscopic versus open resections, a 5-year observation period after surgery was used. To focus on long-term oncologic outcomes, unless otherwise indicated, a 90-day cut-off time was applied to eliminate the effect of perioperative mortality. Patients with a survival or observation time of less than 91 days were excluded from these analyses (subgroup 1, Fig. 1 ). Accordingly, t = 91 days after surgery was set as the starting point for the observation time. For all analyses dealing with local recurrence-free survival, patients with positive resection margins were additionally excluded (subgroup 2, Fig. 1 ), as it would not have been possible to tell whether a real recurrence event had occurred or not in these patients. In addition to Kaplan-Meier analysis, multivariate Cox regression models [10] were used. All variables with a probability of less than p = 0.5 in χ 2 tests (separately conducted for subgroups 1 and 2) of being equally distributed in the open and the laparoscopic surgery groups are regarded as potential confounders which must be adjusted for. The numbers of removed lymph nodes and R classification are deliberately not part of any multivariate model, since these can be regarded as surrogate parameters for the quality of a surgical procedure. To adjust for regional life expectancy as well as age-and gender-distribution, a relative survival model was computed. The underlying data on general mortality of the German population originate from the Human Mortality Database of the Max Planck Institutes [11] . To account for bias due to missing data, a sensitivity analysis was performed with inclusion of initially excluded patients. All significance tests were two-sided with a significance level of 0.05; results are displayed as p values or 95% confidence intervals (CI). The findings of this survey are presented in strict compliance with the Strengthening the Reporting of Observational studies in Epidemiology (STROBE) statement [12] . During this study, IBM SPSS 23 (IBM Corp., SPSS for Windows, Armonk, NY, USA), as well as R version 3.3.2 (R Foundation for Statistical Computing, Vienna, Austria; http://www.R-proje ct.org/), and the R package "relsurv" (Maja Pohar-Perme [13] ) were used.
Results
Between January 1, 2004 and December 31, 2013, 2549 patients were diagnosed with a malignant tumor of the rectum or the rectosigmoid transition zone, and therefore received surgery. For the purpose of this study, 548 patients had to be excluded because they did not match the initially described criteria. Of the remaining patients eligible for inclusion, 111 could not be considered due to an unknown surgical approach. Another 383 patients had missing data on other important variables and were therefore also excluded from the analysis (Fig. 1) .
Among 1507 included patients, 28.4% underwent laparoscopic procedures, with the rate increasing over time from 16 .0% in 2004 to 43.4% in 2013 (Fig. 2) . Compared to the open resection group, laparoscopy patients were younger by 2.9 years on average, with age groups significantly differently distributed among the comparison groups (p < 0.001). Laparoscopic procedures were more likely to be performed in the upper or middle rectum than in the lower third (p < 0.001). Additionally, it is highly evident that the proportion of resections conducted in specialized colorectal cancer centers [14, 15] is higher in the laparoscopic than in the open surgery group (92.3 vs. 84.3%, p < 0.001). Laparoscopically treated patients are also more likely to receive pre-(p = 0.010) or postoperative (p = 0.012) chemoradiotherapy in accordance with guidelines. However, according to χ 2 tests, there were no significant differences in terms of the distribution of grading (p = 0.114) or TNM stage (p = 0.256; Table 1 ).
Comparing the Kaplan-Meier overall survival rates of open and laparoscopically treated patients up until 5 years after surgery, a benefit can be observed for the latter group (open vs. laparoscopic: 68.6 vs. 80.4%, p < 0.001; Fig. 3 ). The situation is similar when comparing 5-year relative survival rates (open vs. laparoscopic: 80.3 vs. 90.2%, p < 0.001; Fig. 3 ). These results remain stable after defining t = 91 days after surgery as the new starting point, while simultaneously excluding all patients who died perioperatively or whose Table 1 Baseline characteristics of the study population according to surgical access Upper third = 12-16 cm, middle third = 6-11.9 cm, lower third = 0-5.9 cm from anal verge previous carcinomas, synchronous carcinomas, location, grading, TNM stage, hospital classification, resection group, preoperative treatment, and postoperative therapy. Having done so, a survival benefit for laparoscopically treated patients remained, although the significance level was narrowly missed (hazard ratio, HR 0.773; 95% CI 0.584-1.024; p = 0.073; Fig. 4 ). Contemplating HRs for each TNM stage separately, stage I patients seemed to benefit most from laparoscopy (HR 0.465, 95% CI 0.208-1.039; p = 0.062; Fig. 4 ).
In the course of sensitivity analysis, it became evident that the necessary exclusion of patients with missing data obviously did not favor the laparoscopic group, since excluded open surgery patients had worse survival rates than their laparoscopic counterparts. The difference, however, was not significant (5-year overall survival rate open-excluded vs. laparoscopic-excluded: 72.9 vs. 76.5%, p = 0.529). When evaluating disease-free survival rates, comparable results are observed. The following analyses were all restricted to an observation time starting at t = 91 days and patients with an initially complete tumor resection (subgroup 2, Fig. 1 
Discussion
The comparison of laparoscopic and open surgery for rectal cancer has been subjected to clinical research for many years now. A variety of studies focusing on perioperative endpoints such as length of hospital stay, mortality within 30 days, or lymph node removal already exist. According to these publications, laparoscopy, for the most part, is followed by favorable or at least equivalent results [16] [17] [18] [19] . Although an increasing number of rectal carcinoma resections are performed laparoscopically, concerns persist regarding the equality of oncological resection in comparison to the open approach. This discussion was initiated by the outcomes of the CLASICC trial, which indicated a non-significantly higher rate of circumferential resection margin positivity in patients with laparoscopic anterior resection (open vs. laparoscopic: 6.3 vs. 12.4%, difference 6.1% points, 95% CI − 2.1 to 14.4). In contrast to these findings, the long-term outcomes of the CLASICC trial showed no difference in overall survival and locoregional recurrence rate when comparing laparoscopic with open rectal cancer surgery after 3 and 5 years. In 2015, the COLOR II study group published their randomized trial's findings on 3-year overall and disease-free survival [20] : according to Kaplan-Meier analysis, the minimally invasive approach is associated with superior overall survival rates (difference 3.1% points, 95% CI 1.6-7.8). Locoregional recurrence rates are 5.0% in both groups. However, it would be problematic to simply transfer these results to daily clinical practice. RCTs are often conducted in ambitious clinics providing ideal conditions and showing a strong interest in new techniques. To evaluate whether laparoscopy is a safe alternative for rectal cancer surgery in an everyday setting, large population-based surveys like this one are required. Since results on 5-year survival in the COLOR II trial collective are still pending, a direct comparison of the studies is not possible. However, matching Kaplan-Meier overall survival rates at t = 3 years, similar advantages for laparoscopy are seen in both surveys. In the COLOR II trial, superiority of laparoscopy was observed particularly in stage III patients, while in this study, advantages were observed in all stages. It should, however, be borne in mind that analyzing simple Kaplan-Meier survival rates of observational studies can never be accurate enough.
The price that retrospective surveys have to pay in exchange for depicting reality is a variable amount of indication bias. Patients tend to receive one or the other treatment because of certain reasons. Based on the US National Cancer Database, Nussbaum et al. could, for example, show that younger age-as in the present study-is a significant predictor of the laparoscopic approach (odds ratio, OR 0.94; p < 0.001), while larger tumors and higher tumor stages are found more frequently among open resections [21] . Furthermore, patients with tumors of the upper or middle rectum and patients of specialized colorectal cancer centers were more likely to undergo laparoscopy in this study. Stratification by stage or other important variables is a useful strategy to correct for different risk profiles between groups. In order to be able to consider various inhomogeneities simultaneously, multivariate Cox regression analysis was applied. Thus, it could be adjusted for variables such as age, tumor stage, or additional therapies. Unfortunately, there was no information available on nononcologic comorbidities, which is an important limitation of this survey. Patients with severe comorbidities have an increased mortality risk independently of their neoplastic disease [22, 23] . However, several studies confirmed an association between age and the number of a person's comorbidities [24, 25] . Therefore, adjustment for age can contribute to balance the inequality between the laparoscopic and the open groups. Nevertheless, thorough information about all of patient's comorbidities would facilitate an even more accurate risk adjustment. In this context, missing data is another important issue. If it was not possible to fill information gaps, patients had to be excluded to match mandatory statistical standards. However, sensitivity analysis could show that the necessary exclusion process did not favor the superior group. Thus, all presented findings can be regarded as very stable.
The aim of this study was to paint a holistic picture of rectal cancer surgery. Therefore, only the most necessary inclusion criteria were applied. It was not the intention of this study to present sophisticated results only relevant for highly selected subgroups under certain circumstances. An intention-to-treat analysis was deliberately chosen. With less experienced surgeons-who also form part of daily clinical practice-conversions are not uncommon and have to be regarded as a regular consequence of laparoscopic surgery. Taking everything into account, it becomes obvious that population-based retrospective surveys like the present investigation cannot produce exact results; they are, however, indispensable for showing trends toward superiority or inferiority after daily implementation of new techniques.
Conclusion
Within the population evaluated here, laparoscopic removal of rectal tumors proved to be a safe alternative to the conventional approach. This study demonstrates that survival after laparoscopic resection is at least equivalent to open surgery, even outside the setting of a randomized trial. To further confirm this insight, more similar studies based on comprehensive cancer registries are required. 
